The 
Introduction
Channel measurement gives us full understanding of radio-propagation characteristics, which is the essential part of designing a mobile wireless communication system [1] [2] . When considering channel modeling, large-scale fading and small-scale fading are often measured separately, they provide accurate knowledge of a radio channel properties in different way [3] [4] . Large-scale fading describes the slow fluctuation of signal parameters affected primarily by the presence of hills，forests and buildings between the transmitter and the receiver, while small-scale fading predicts the rapid undulation of signal characteristics over a short period of time or travel distance [5] . Small-scale fading is associated with a phenomenon known as multipath effect, which refers to the paths arriving at the receiver varied widely both in amplitude, phrase and time delay. All these paths combined at the receiver contribute to the resultant signal [6] .
Because of the importance of the multipath mobile channel, a number of wideband channel sounding techniques have been developed. These techniques can be classified as direct pulse measurements [7] , slippage correlation measurements [8] [9] , and swept frequency measurements [10] . Direct pulse measurement campaign is simple, but the measurement system may not be properly triggered if the first arriving signal is blocked or attenuated. Swept frequency measurement calls for hardwired synchronization between the transmitter and the receiver, making it useful only for short distance (e.g. indoor scenario). Compared with other wideband channel sounding techniques, slippage correlation measurement is a widely accepted and primarily used one. This paper reports an outdoor propagation measurement campaign that is conducted to prove the slippage correlation algorithm is an efficient method for channel measurement, and a novel algorithm is provided to eliminate the effect of the non-zero autocorrelation value in autocorrelation function to increase accuracy of the measurement. The rest of the paper is organized as follows: Section 2 describes the principle of slippage correlation briefly. Measurement campaign, including the measurement system, the measurement scenarios and the environment are presented in Section 3. In Section 4, measurement results are analyzed to extract time delay and power delay profile. In Section 5, a novel amplitude distortion correction algorithm is used to improve this measurement method. Finally, conclusions are drawn in Section 6.
Principle of slippage correlation algorithm

Correlation properties of PN sequence
The normalized periodic autocorrelation function of an m-sequence, is equal to 1 when
Equation (  is expressed as
M-sequence is widely used in channel measurement, hence, in this paper, PN sequence refers to msequence if no special.
Slippage correlation algorithm
The time-domain slippage correlation algorithm is used to generate channel impulse response (CIR).
Considering single input single output (SISO) system， ( )
x t is the transmitted signal (the receiver use an identical local one) and ( ) y t is the received data. Supposing L is the number of paths and fading factor of path l is l  , then ( ) y t can be can be demonstrated as
If the channel impulse response ( ) h t is wide sense stationary over a small-scale time or distance interval, so it can be simply expressed as [11] 
( ) xy R  is the cross-correlation of ( ) x t and ( ) y t . It is represented by
Due to the good autocorrelation property of the sounding PN sequence， ( ) xy R  is series of the autocorrelation of transmitted sequence by corresponding fading factor. So CIR can be acquired by ( ) xy R  after slippage correlation.
The transmitter sends a periodic PN sequence, and the receiver does cross-correlation of the received data with the local sequence as just described explicitly. When the output of reaches Wideband Channel Measurement at 2.6 GHz Using Slippage Correlation and Amplitude Distortion Correction Algorithm Zhao Min, Wu Muqing, Guo Song, Hu Qian maximum, it means that one path has been detected, and the peak denotes the amplitude of the received signal.
As CIR has been acquired after slippage correlation, power delay profile (PDP) can be directly derives from CIR. PDP is represented as
where ( ) h  is the channel impulse response,  is the delay of received path.
Measurement campaign
Measurement system
Channel measurements were performed at the center frequency of 2.6GHz with 40MHz bandwidth in Beijing University of Posts and Telecommunications (BUPT) campus which is outdoor scenario. The power of transmitter (Agilent E4438C) was 33dBm and the length of each periodic pseudorandom binary signal (PRBS) was 7, 31, 511 and 1023 for outdoor measurements. Measured data was temporarily captured in a Vector Signal Analyzer (Agilent 9020A) and then recorded in a PC which controlled the Vector Signal Analyzer by program. Antennas of the transmitter and the receiver are both omni-directional and vertical polarization with a gain of 3dBi.
The block diagram of the channel measurement system is denoted in Fig. 1 . The PN sequence is generated by VSG software in PC, and then sent to VSG, in which PN sequence will be modulated and up conversed. After amplified, signal is sent by the antenna. At the receiver, I data and Q data are acquired and sampled at 51.2 MHz separately in VSA, which are used for vector signal analysis. Offline data processing such as slippage correlation will be done in PC after the measurement campaign. 
Measurement Scenarios and Environment Description
The characterization of measurement environment can be found in Fig.2 in detail. The measurement spot is indicated by five-pointed star, while the transmitter is represented by triangle. As shown in Fig.2 , the campus of BUPT was selected as the measurement site. The environment is a typical residential area with trees, crossroads and some four-storey or five-storey buildings surrounded. The transmitter antenna was mounted on the top of the 2nd teaching building about 15 meters high. The antenna fixed on the receiver is 1.5m above the ground in the center of large mansions.
Measurement result
Channel impulse response
Four of effective CIR samples measured with different PN sequences are shown in Fig.3 , with significant multipath components presented. Since measurement environment was line of sight (LOS), the main path is obvious and easy to distinguish. As a result of the reflection of some existing scatters, receiver captured signal three times, in other words, the number of path is 3.
As displayed in Fig.3 (a) and (b), when the length of pseudo random binary sequence (PRBS) is 7 or 31, multipath paths cannot be distinguished correctly. Fig.3 (c) and (d) show the results when the length of PRBS is 511 and 1023. Slippage correlation picked up every path effectively. Hence, for outdoor scenario, 511 is a proper length of PRBS. Fig.4 represents an example power delay profile , with a typical dynamic range of around 25 dB [13] , derived from initial CIR measured by PN9, in which multipath components arrive approximately at 0.2 s  , 0.6 s  . All these parameters comply with theoretical value. Thus, it can come to a conclusion that slippage correlation algorithm is feasible for channel sounding. The PDPs or CIRs obtained can be used to calculate channel parameters such as Ricean K-factor, average delay, delay spread, coherence bandwidth and peak delay. The data used in various ways develops the simulation channel model. . N is usually large, hence, -1/N is a small value. In channel measurement, the effect of -1/N is considered as that of noise, but such an approximate method reduces the accuracy of measurement. In this paper, a novel modified algorithm is used after slippage correlation. This algorithm can be employed to eliminate the effect of the non-zero autocorrelation value in autocorrelation function.
Power Delay Profile (PDP)
Amplitude distortion correction algorithm
After the received data been cross-correlated with the local copy of the original transmitted sequence， in order to make the CIRs to be more accurate and reliable, some particular properties of PN sequence can be used to modify the slippage correlation algorithm.
To illustrate the modified algorithm， 0 indicates the received sample series at the receiver. Each sample in the series can be described as follow
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, so the correlation matrix of PN sequence is
The result of slippage correlation can be expressed as
Where K is the correlation matrix and In order to eliminate inter-path interference and obtain accurate CIR, it denotes
The progress presented above is equivalent to 
It means that in the proposed amplitude distortion correction algorithm , matrix 1 K  derived from correlation matrix of PN sequence is applied to eliminate inter-path interference.
Therefore inter-path interference has been eliminated by amplitude distortion correction algorithm. The behavior of the channel characteristics in Figures 5 can be described explicitly with the help of Table 1 , which lists the values of parameters, such as amplitude of CIR, amplitude measured by slippage correlation algorithm and modified algorithm. The simulation is carried out in an ideal environment, without taking noise into account. The modified algorithm does not affect the time delay of each measured path, and it obviously improves the accuracy of every path's amplitude shown in Table 1 . The first line of Table 1 is the exact amplitude of the channel. Measured amplitude before and after modified are illustrated in the second and third line. The result after correction is as same as the exact path amplitude of channel. This factor demonstrates that the modified algorithm is effective and has a good performance in ideal situation. The result in the scenario with a SNR of 20dB is shown in Fig.6 and Table 2 . The behavior of the channel characteristics in Figure 6 can be described explicitly with the help of Table 2 , which lists the values of parameters, such as amplitude of CIR, amplitude measured by slippage correlation algorithm and modified algorithm. The modified algorithm can still better the measurement result under the influence of noise. The path amplitude after modified is closer to the exact one. But the effect of this method is influenced little by noise. 
Results
Discussion
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This modified algorithm (amplitude distortion correction algorithm) not only gives the time delay of each path exactly, but also improves the accuracy of every path's amplitude obviously. In the ideal simulation or in environment with high SNR, it works well.
Conclusion
In this paper, an outdoor scenario was chosen for wideband channel measurement at 2.6GHz, using different length of PN sequence were presented. Results show that, for outdoor scenario, 511 is a proper length of PRBS and slippage correlation algorithm is feasible. From the PDPs or CIRs obtained, channel parameters such as Ricean K-factor, average delay, delay spread, coherence bandwidth and peak delay can be derived. Compared with other wideband channel sounding techniques, slippage correlation is the most commonly used one. However, it is regardless of the influence of inter-path interference which reduce the accuracy of measurement. So a novel amplitude distortion correction algorithm is proposed. After slippage correlation, this algorithm can be employed to eliminate the effect of the non-zero autocorrelation value in autocorrelation function. It performs well in the ideal environment as well as the in scenarios with high SNR.
